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 5 
Abstract 6 
The Texas Department of Transportation (TxDOT) is concerned about the 7 
widening gap between pavement preservation needs and available funding. Thus, the 8 
TxDOT Austin District Pavement Engineer (DPE) has investigated methods to 9 
strategically allocate available pavement funding to potential projects that improve 10 
the overall performance of the District and Texas highway systems. The primary 11 
objective of the study presented in this paper is to develop a network-level project 12 
screening and ranking method that supports the Austin District 4-year pavement 13 
management plan development. The study developed candidate project selection and 14 
ranking algorithms that evaluated pavement conditions of each project candidate 15 
using data contained in the Pavement Management Information system (PMIS) 16 
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database and incorporated insights from Austin District pavement experts; and 17 
implemented the developed method and supporting algorithm. This process 18 
previously required weeks to complete, but now requires about 10 minutes including 19 
data preparation and running the analysis algorithm, which enables the Austin DPE to 20 
devote more time and resources to conducting field visits, performing project-level 21 
evaluation and testing candidate projects. The case study results showed that the 22 
proposed method assisted the DPE in evaluating and prioritizing projects and 23 
allocating funds to the right projects at the right time. 24 
 25 
Keywords: Pavement maintenance, Network-level project screening, Project ranking, 26 
4-year pavement management plan 27 
 28 
INTRODUCTION 29 
The Texas Transportation Commission (TTC) established a 10-year statewide 30 
goal to achieve 90 percent or more of state maintained pavements in “good or better” 31 
condition by FY 2012 (Gao et al. 2011). Each of the 25 TxDOT District engineers 32 
and their staff—TxDOT maintains 25 geographical Districts throughout the state and 33 
each District is managed by a District Engineer— are responsible for developing a 34 
District 4-year pavement management plan that identifies location specific and 35 
programmatic (a route or corridor level) annual pavement maintenance projects in 36 
each District. The District goals must be aligned with the statewide goal and support 37 
effective management of pavement conditions within the District’s allocated budget.  38 
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A process developed by Zhang et al. (2010) is currently used to forecast future 39 
pavement conditions by combining the 4-year pavement management plans 40 
developed by each District. As required by the State Legislature, this information is 41 
then used to prepare a report submitted by TxDOT Administration to the Governor 42 
showing how planned projects and expenditures will achieve statewide pavement 43 
condition goals. Approval of the TxDOT pavement management report by the 44 
Governor is required before spending authority is given. However, current funding 45 
for pavement preservation is insufficient to achieve and maintain pavement 46 
conditions at the desired level. A recent study indicated that projected pavement 47 
maintenance revenue from FY 2010 to 2035 is much less than pavement funding 48 
needs estimated by the 2030 Committee with the support of the pavement research 49 
team at the Center for Transportation Research at the University of Texas at Austin 50 
(UT-CTR) (2030 Committee 2011). Zhang et al. (2010) also analyzed that the 90 51 
percent “good or better” goal cannot be achieved with TxDOT’s projected revenues. 52 
Based on this analysis, both improved pavement management techniques and 53 
additional pavement funding are critical needs to prevent pavement network 54 
conditions from deteriorating to unacceptable levels. Thus, the TxDOT Austin 55 
District, with the support of UT-CTR, has investigated methods to strategically 56 
allocate funding to potential projects that improve the overall performance of the 57 
Austin District and Texas highway systems. 58 
Since 2008, TxDOT has required each District to develop a 4-year pavement 59 
project expenditure plan each year based on anticipated budgets (Zhang et al. 2009a). 60 
The plan includes estimated construction costs for Preventive Maintenance (PM) and 61 
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Rehabilitation (Rehab) projects and materials, personnel and related maintenance 62 
costs for Routine Maintenance (RM) projects. To deliver the 4-year management 63 
plan, each District reviews and screens Pavement Management Information System 64 
(PMIS) data and develops a network-level candidate project list which requires 65 
further field evaluations. The network-level analysis assesses all physical pavements 66 
managed by the District to decide candidate projects, project scheduling, and budget 67 
estimate. The District Pavement Engineer (DPE) reviews the ranked list with each 68 
Area Engineer (AE) to discuss potential projects in their counties. Additional projects 69 
may be added by the AE during this process due to local considerations and criteria 70 
that are currently not, or cannot be, quantified using traditional engineering methods. 71 
A site visit is conducted to acquire project-level visual distress data, to make 72 
decisions regarding the need for non-destructive pavement structural condition testing 73 
and lab samples and to identify the cause of the distresses using the collected 74 
information. The project-level analysis evaluates pavement sections to determine the 75 
type and timing of maintenance or rehabilitation activities. By incorporating the 76 
surveyed data with knowledge and experience obtained from historical performance 77 
of treatments, the District prepares a draft project list, which is compared with the 78 
current 4-year management plan. The plan is updated as necessary with new planned 79 
projects and   treatments and re-ranked based on factors including on traffic volume, 80 
costs and local factors.  81 
When developing the 4-year management plan, it is important that the District 82 
effectively determines which maintenance projects should be funded within the 83 
current fiscal year and which can be postponed until a later year. In other words, the 84 
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candidate project lists must be strategically prioritized into different categories 85 
including immediate attention projects (current fiscal year), vigilance projects (plan 86 
years 2 – 4), or no treatment needed in order to ensure available funds are allocated to 87 
the right project at the right time. Previously, the Austin District prioritized network-88 
level candidate projects using methods that are generally based on less formal 89 
quantitative-qualitative assessments and engineering judgment. Additionally, an 90 
extensive amount of time was required for the DPE to screen candidate projects due 91 
to the size of pavement. Thus, the Austin District has sought to develop a more 92 
rational, effective and efficient project selection and ranking method for strategic 93 
pavement preservation. 94 
The main objective of the study presented in this paper is to develop a 95 
network-level candidate project screening and ranking method that supports 96 
development of the 4-year pavement management plan. The candidate project 97 
selection process screens the entire Austin District pavement network which 98 
comprises over 9,200 lane miles and identifies potential RM, PM or Rehab projects 99 
for further evaluation during a site visit. Due to the large amount of PMIS data and 100 
other factors that must be considered, the process discussed in this paper provides 101 
methods to:  102 
 103 
1) Evaluate pavement conditions of each highway route segment using 104 
information contained in the TxDOT PMIS database;  105 
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2) Develop a preliminary list of candidate RM, PM or Rehab projects using 106 
selection and ranking algorithms that incorporate PMIS data with 107 
engineering experience and judgment about Austin conditions; and  108 
3) Implement the developed methods to support the Austin DPE in making 109 
decisions about candidate project selections for further evaluation during a 110 
site visit and possible destructive and non-destructive testing. 111 
 112 
This network-level candidate project screening method has advantages 113 
regarding efficiency and rapid assessment of a very large amount of PMIS data by 114 
reducing the amount of screening time and providing additional time to conduct site 115 
visits. The study also provides insights about how quantitative data analysis methods 116 
and qualitative decision making processes can be used together to improve candidate 117 
project selection. Furthermore, the developed screening and ranking method will be 118 
able to be used by all management levels within the organization thereby it can assist 119 
decision makers evaluating and prioritizing projects and potentially allocating funds. 120 
This paper is organized into five sections. After the introduction, background 121 
information of TxDOT’s pavement maintenance program and practices is discussed 122 
and the proposed network-level candidate project screening method is introduced. 123 
The authors then discuss the case study results and finally conclude the article by 124 
presenting study limitations and future research opportunities. 125 
 126 
BACKGROUND REVIEW 127 
TxDOT’s Pavement Maintenance Program and Practices 128 
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 TxDOT oversees the preservation, repair, and restoration of over 195,000 129 
lane-miles of state-maintained highways. In fiscal year 2008, the department awarded 130 
779 construction and major maintenance contracts of all types (pavement, bridges, 131 
added capacity, traffic operations etc. totaling $3.4 billion), and 973 routine 132 
maintenance contracts ($279 million) (2030 Committee 2011). The Construction and 133 
Maintenance Divisions provide general program oversight and administers policies, 134 
while operations are conducted at the District level. TxDOT’s maintenance 135 
employees work in each of its 25 Districts, primarily at the District offices or at one 136 
of the 251 maintenance sections, which are geographically situated to evenly 137 
distribute the number of lane miles of oversight (Gao et al. 2011). Each District office 138 
oversees two to eight area offices that, in turn, oversee several maintenance sections. 139 
Pavement preservation work is categorized into three areas: routine maintenance 140 
(RM), preventive maintenance (PM), or rehabilitation (Rehab). All three categories 141 
may be performed with state forces or by contract. However, most PM or Rehab 142 
works are contracted. 143 
 144 
Pavement Management Information System (PMIS) 145 
 The primary purpose of the Pavement Management Information Systems 146 
(PMIS) is to improve the overall condition of Texas pavements within given funding 147 
by using longer-lasting treatments applied at the right place and at the right time 148 
(Stampley et al. 1996). PMIS development began in May 1990 in response to a 149 
federal mandate that every state has a Pavement Management System (PMS) in place 150 
by February 1993. PMIS was an expansion of the previous Pavement Evaluation 151 
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System (PES), which was implemented in September 1982. PES used 2-mile rating 152 
sections instead of the 0.5-mile sections now used in PMIS. PMIS describes current 153 
pavement condition and trends, locates areas with problems, identifies types of 154 
problems (such as distress or ride scores, and the amounts of specific distresses such 155 
as rutting or cracking), and estimates general PM and Rehab funding needs. 156 
TxDOT conducts an annual PMIS data collection survey to update data 157 
regarding the condition of Texas pavements and to provide information used for 158 
analysis of PMIS distress ratings and ride quality measurements. The pavement 159 
distress is manually, visually rated by contracted raters. The ride and rut data are 160 
measured by 17 TxDOT Profiler/Rutbar vans, which operate at highway speeds.  161 
Manual distress data is summarized and stored for each approximately 0.5 mile long 162 
PMIS rating section. Automated data is collected and stored in PMIS at approximate 163 
0.1-in. intervals, which is then summarized every 0.5 miles. Both profile and rut data 164 
is collected on a 100% main lane roadbed sample of TxDOT-maintained highways 165 
each year between September and December. To clarify, a north-south interstate 166 
highway (IH) with three main lanes in each direction and three frontage road lanes in 167 
each direction would consist of one center-line mile of IH highway, four road bed 168 
miles (two main lane roadbeds and two frontage road roadbeds) and 12 lane-miles of 169 
roadway. A 100% main lane roadbed sample means that at least one lane (usually the 170 
lane is the worst condition) is rated for each main lane roadbed in the PMIS inventory.  171 
Not all frontage road sections are rated due to stop and go conditions; difficulties in 172 
performing visual distress ratings in high traffic urban areas and other factors.  173 
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Manual and automated PMIS data is checked for quality, accuracy and 174 
completeness and then uploaded to the PMIS database by February of each year. 175 
Districts can access PMIS data collected for their roadways during and just after 176 
completion of the profiler/rut bar data collection however this information is used for 177 
preliminary assessment only since not all PMIS QC/QA checks have yet been 178 
performed.   179 
Skid measurements are conducted by District skid equipment operators; 180 
however skid data is not included in the PMIS condition or distress scores. Skid data 181 
is collected annually on approximately 50% of the IH system and 25% of non-IH 182 
highway systems and used with other information in the Wet Surface Crash 183 
Reduction Program District reports. In addition, project-level Falling Weight 184 
Deflectometer (FWD) tests are conducted by District FWD operators for deflection 185 
measurements of specific projects as needed. Network-level FWD testing is not 186 
mandatory at the present time, however some Districts, including the Austin District, 187 
collect network-level FWD data.   188 
PMIS provides the data to track pavement condition trends overtime, assess 189 
District and statewide pavement condition goals, assist Districts in determining 190 
project treatment levels such as PM, Rehab and RM and pavement budget allocation 191 
decision making. 192 
 193 
Four-Year Pavement Management Plan 194 
 Rider 55 of TxDOT’s legislative appropriations bill requires that, prior to the 195 
beginning of each fiscal year, the department shall provide the Legislative Budget 196 
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Board and the Governor with a detailed plan for pavement fund use. The plan 197 
includes a District-by-District analysis of pavement condition score targets and how 198 
the proposed maintenance spending will impact pavement scores in each District. For 199 
this reason, each District has developed a four-year pavement project expenditure 200 
plan based on anticipated budgets (Zhang et al. 2009a; Zhang et al. 2009b; Gao et al. 201 
2011). The plan includes estimated construction costs for each project and certain 202 
business costs. The pavement expenditures include work done either with in-house 203 
forces and state-owned materials or through RM contracts. A direct benefit of the 204 
four-year plan for Districts is the ability to strategically plan routine and preventive 205 
maintenance work proactively.  206 
The 25 individual District plans are combined to create the statewide four-207 
year pavement management plan. The statewide plan provides the information 208 
necessary to predict pavement conditions based on a specified funding level and a 209 
specific project program of work, which summarizes the number of lane miles that 210 
each District plans to treat with either PM or light, medium, or heavy Rehab, as well 211 
as a prediction of the impact of these treatments on future pavement conditions. The 212 
preventive maintenance (PM) is a light, inexpensive treatment applied to roadways to 213 
seal the surface to prevent moisture penetration and to restore skid resistance. An 214 
example of PM treatments include seal coat, micro-surfacing or thin overlay. The 215 
light rehabilitation is more expensive and includes repairing potholes, performing an 216 
asphalt concrete pavement level up and a thin overlay. This treatment may also 217 
include repairing or building up pavement edges. The medium rehabilitation is 218 
expensive and usually involves a structural overlay that may be three or four inches 219 
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thick or milling off the old surface layer, reworking the base and placing new asphalt 220 
concrete pavement surface. Lastly, the heavy rehabilitation may involve complete 221 
removal and replacement of the existing pavement or full depth recycling or 222 
reworking of the surface and base to create a working platform for new base and 223 
surface layers. 224 
 225 
Decision Support for Strategic Pavement Maintenance 226 
 To meet an urgent need in pavement maintenance and rehabilitation, many 227 
researchers have explored efficient ways to support decision making for strategic 228 
pavement network maintenance. De la Garza et al. (2011) proposed a network-level 229 
pavement maintenance optimization model and implemented it to compute the 230 
optimal amount of investment for each treatment activity in a given funding period. 231 
They compared different investment strategies, such as minimizing lane-miles in poor 232 
and fair conditions and minimizing the total budget required to meet targets, analyzed 233 
the impact of such target constraints on budget expenditure, and provided long-term 234 
maintenance strategies. Additionally, De la Garza et al. (1998) developed a decision 235 
support system for the Commonwealth of Virginia, U.S., that predicted the 236 
deterioration of roads and bridges, analyzed maintenance impacts, and evaluated the 237 
effectiveness of budget allocation policies to maintenance activities. Zhou and Wang 238 
(2012) presented a co-location decision tree algorithm that grouped different sets of 239 
nearly-located project candidates and analyzed their impact on the overall 240 
performance of a pavement network in North Carolina in order to enhance pavement 241 
maintenance and rehabilitation decision making and project selection processes. 242 
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Ozbek et al. (2010) similarly investigated the effects of environmental (e.g. climate, 243 
location) and operational (e.g. traffic, load) factors on road maintenance activities and 244 
assessed the expected impact of maintenance on roadway systems to optimize a 245 
pavement maintenance plan in Virginia, U.S. 246 
 Some researchers have investigated decision support models to determine the 247 
right timing and optimal method of maintenance. Carnahan et al. (1987) developed a 248 
cumulative pavement deterioration model and determined optimal maintenance 249 
timing of each maintenance section by considering project cost and the effect of 250 
maintenance on pavement performance. Similarly, Lamptey et al. (2008) investigated 251 
preventive maintenance (PM) practices and analyzed the best combination of PM 252 
treatments and timings to be applied to support strategic project planning in terms of 253 
project size and schedule. Some researchers statistically analyzed data obtained from 254 
historical maintenance and rehabilitation projects using data mining techniques, such 255 
as artificial neural network (Alsugair et al. 1998), group method of data handling 256 
(Chang and Hung 2007), and decision trees (Li 2010), and determined appropriate 257 
treatment options for the given project conditions. 258 
 As previously discussed, current funding for pavement preservation is 259 
insufficient to achieve and maintain pavement conditions at the desired level. An 260 
efficient approach for strategic pavement maintenance planning is to prioritize a list 261 
of maintenance projects and allocate such limited budgets to competing project 262 
candidates that have a higher impact on road networks (Bandara and Gunaratne 2001; 263 
Farhan and Fwa 2009, 2012; Shah et al. 2012). According to Farhan and Fwa (2009), 264 
estimating priority indices using an empirical mathematical analysis (Haas et al. 1994; 265 
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Broten 1996; Bandara and Gunaratne 2001) has been common practice for pavement 266 
maintenance project prioritization. Such empirical mathematical indices often do not 267 
have a clear physical meaning and have limitations in considering the qualitative 268 
judgment of pavement engineers. Farhan and Fwa (2009) thus explored the use of the 269 
analytic hierarchy process (AHP) that reflected engineering judgment and prioritized 270 
pavement maintenance activities. However, because of different survey approaches 271 
and scales used for direct pavement condition assessment by professional raters, the 272 
priority rating scores estimated by the AHP methods were significantly different from 273 
the direct assessment results. This is critical since specific rating scores are necessary 274 
to understand existing pavement conditions and guide further qualitative assessment 275 
and project-level decision making. Similarly, Shah et al. (2012) developed a priority 276 
setting method based on both pavement condition measurement and economic 277 
analysis. They prioritized maintenance projects by considering agency cost, pavement 278 
serviceability, pavement condition index, functional classification, and traffic level. 279 
However, their model included very specific information on road conditions which is 280 
acceptable for project-level analysis, but not for network-level decision making. Thus 281 
the study presented in this paper aims to develop a candidate project screening and 282 
ranking method that can follow qualitative decision making rules determined by 283 
pavement engineers, produce acceptable priority ratings for further qualitative 284 
assessment, be applicable for the network-level analysis, and eventually support the 285 
development of a four-year pavement management plan. The method is also expected 286 
to help understand the impact of pavement condition element weighting on 287 
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prioritization outcomes, which is important for strategic maintenance planning 288 
(Farhan and Fwa 2012). 289 
 290 
Current Network-Level Project Screening Process in TxDOT 291 
 The PMIS data collection is performed at the beginning of each fiscal year for 292 
four months from September to December (Table 1). Previously, the Austin DPE 293 
evaluated the most recent PMIS data to develop a potential project list and make 294 
decisions whether each project required PM or Rehab treatment. This network-level 295 
assessment required the DPE to spend about two months (January and February) to 296 
manually evaluate the large amount of data visually, to perform project screening and 297 
ranking, and to develop a preliminary list of PM and Rehab projects. Project-level 298 
site visits and site condition assessments were then performed for the selected 299 
projects starting in March. However, in 2009, the authors developed an automated 300 
data visualization tool allowing all PMIS data for the District to be automatically 301 
plotted in a graphical format for each route. This tool saved the DPE about 15-days 302 
conducting the data visualization in preparation for the detailed analysis. Despite this 303 
advancement, the DPE was still required to manually evaluate and screen candidate 304 
projects. Thus, in this paper, the authors present a new process that uses decision-305 
making rules which were developed based on a sample of candidate project selections 306 
performed by the DPE and follow-up discussions to better understand the decision 307 
processes. The authors used this information to develop an algorithm that can identify 308 
proposed projects within each highway route and then rank each proposed project 309 
using criteria and a decision tree approach that can support qualitative judgment for 310 
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prediction depicting “how a decision should be performed” or “how a decision was 311 
made”. The proposed project screening method will not only promote a rational 312 
pavement management but also save time for the network-level assessment. Figure 1 313 
illustrates expected time benefit of the study. 314 
 315 
< Insert Table 1 here > 316 
 317 
< Insert Figure 1 here > 318 
 319 
NETWORK-LEVEL PROJECT SCREENING METHOD 320 
Conceptual Framework for Network-Level Project Screening 321 
The network-level project screening method is based on the analysis of data in 322 
PMIS. In this method the status and trends in pavement conditions are the primary 323 
factor to identify and prioritize candidate pavement maintenance projects for strategic 324 
pavement preservation. Figure 2 presents a conceptual framework for the developed 325 
network-level project screening method.  326 
 327 
< Insert Figure 2 here > 328 
 329 
As shown in the figure, the PMIS data for each section was imported into the 330 
analysis spreadsheet along with other variables used for project candidate selection. 331 
The data basically contained (Stampley et al. 1996): 332 
  333 
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 Distress Score: a combined score based on the amount and types of visible 334 
surface deterioration (pavement distress) 335 
 Ride Score: a description of pavement ride quality based on Present 336 
Serviceability Index (PSI) as a function of IRI (International Roughness 337 
Index) 338 
 Condition Score: a description of overall pavement condition that 339 
combines distress, ride, and site factors such as posted speed and traffic 340 
 341 
The PMIS data set was further processed for the analysis so that the data used 342 
for candidate project evaluation included the roadway route ID, Texas Reference 343 
Marker (TRM) information, Condition Score (CS), and the change in CS (calculated). 344 
The roadway ID indicates the route information such as IH 35 or FM 2222. The TRM 345 
and offset provides a method for designating the beginning or ending of each PMIS 346 
section or project limits. CS was considered suitable for evaluating pavement 347 
condition at the network level because CS is a representative value calculated by both 348 
distress and ride measurements. The change in CS indicates the extent of 349 
deterioration or improvement in pavement conditions from the previous fiscal year, 350 
thus both the current fiscal year’s PMIS data and the previous year’s data were 351 
required for the analysis. The candidate project selection algorithm, incorporated 352 
these data, assessed each PMIS section to create candidate projects and the eligibility 353 
of each subsequent section to be included in the candidate section or not. The 354 
algorithm also determined whether the potential maintenance project should be 355 
considered as a RM or PM/Rehab project candidate based on the lengths of the 356 
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selected projects. The ranking algorithm then evaluated and ranked selected projects 357 
based on weighting factors derived during discussions with the DPE regarding 358 
pavement condition scores, a condition score drop, a project length and other factors. 359 
The final ranked list of the projects provided the DPE with a list of candidate projects 360 
that could be further discussed with each Area Engineer (AE) to make further 361 
adjustments and finalize the ranked list. The following sections will describe the 362 
detailed analysis process and work functions of the developed network-level project 363 
screening method. 364 
 365 
Network-Level Project Screening Tool Development 366 
Using an earlier algorithm developed by the authors, the Austin DPE 367 
evaluated the District’s PMIS data using a semi-automated process. Specifically, the 368 
DPE used the algorithm to plot pavement condition and condition score drop graphs 369 
of each route and then used features provided within the algorithm to visually 370 
determine and create candidate project segments as shown in Figure 3. The example 371 
graph illustrates the overall pavement condition of roadway RM 1431 located in 372 
Williamson County. The solid blue line indicates the Condition Score (CS) of the 373 
current fiscal year and the dashed line shows the CS of the previous year. By 374 
comparing both scores, specifically when the current CS score was below 70—375 
TxDOT determined a pavement section having Condition Score higher than 70 as a 376 
good-condition pavement (TxDOT 2009)—and rapidly deteriorated from the 377 
previous condition, the engineer was able to select candidate roadway sections 378 
manually by selecting the beginning and ending TRM limits of the section and then 379 
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designating the proposed treatment level. The proposed candidate project treatment 380 
level (i.e. a representative treatment type that can enhance the pavement condition 381 
throughout the entire project section) was based on individual treatment levels (i.e. a 382 
treatment type required for each PMIS section) that were computed by the algorithm. 383 
The individual treatment levels were calculated based on trigger values for PM, 384 
Light-, Medium- or Heavy Rehab set by the DPE in the opening screen of the 385 
algorithm. The red rectangle in the figure indicates the selected candidate project. 386 
Although this version of the candidate project selection and treatment level algorithm 387 
saved the DPE time, the process still involved manual – visual interpretation of the 388 
entire District roadway network consisting of thousands of PMIS sections and 389 
hundreds of roadway routes. 390 
 391 
< Insert Figure 3 here > 392 
 393 
 To help further automate the candidate project selection process, the authors 394 
developed an improved project selection algorithm which automates the candidate 395 
project identification and ranking processes. To initiate development of the improved 396 
algorithm, the DPE was provided with a spreadsheet containing 12 roadway routes 397 
with a total of 433 PMIS sections in Williamson County. The DPE was requested to 398 
manually evaluate these sections and as a result, 26 candidate projects were identified.  399 
The researchers met with the DPE and discussed the decision process that was used to 400 
select the candidate projects including how PMIS sections were linked to create a 401 
candidate project; criteria for project selection based on both the condition score and 402 
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condition score drop; criteria used to end one project and begin a new project along 403 
the same route; and specific criteria that the DPE did not use at this stage of the 404 
analysis. For example, the DPE elected not to consider average daily traffic in 405 
determining candidate projects, but rather focused on condition score and condition 406 
score drop without regard to traffic, treatment history or other factors used later in the 407 
project-selection process. 408 
Figure 4 explains an example of this selection rule determination process. As 409 
shown in the figure, Project 2 and Project 4 were selected as potential projects 410 
requiring immediate maintenance. In Project 2 all sections were substandard below 411 
CS 70 and conditions in most sections were deteriorated rapidly from the previous 412 
conditions. In Project 4, most sections were substandard and deteriorating rapidly. 413 
The definitions of what constituted ‘rapid’, ‘moderate’ or ‘slow’ deterioration and 414 
resulting treatment levels (PM, light-, medium- or heavy-rehab) were included as 415 
control features that the DPE could select prior to creating the roadway route graphs. 416 
In this way, PMIS sections with low condition scores and rapid deterioration would 417 
receive a proposed treatment level of heavy-rehab. In this way, a proposed candidate 418 
project might be identified by the DPE which consisted of several PMIS sections with 419 
different treatment recommendation levels. The DPE could then use judgment to 420 
override the individual treatment recommendations and apply a uniform treatment to 421 
the entire candidate project or sub-divide the segment into multiple projects.   422 
 423 
< Insert Figure 4 here > 424 
  425 
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During the evaluation process, the DPE might note for example that some 426 
PMIS sections’ condition scores were just above 70 but they had deteriorated at a 427 
rapid rate compared with the previous condition. In Project 3 in the figure, there were 428 
significant condition drops but they were still well above 70. Deterioration was 429 
uniform so probably typical wear and tear seemed to occur in these sections. This 430 
project was not poor enough for an immediate project thus it was determined as a 431 
vigilance project to be monitored for future 4–year management plan in Year 2 or 3. 432 
Lastly, the DPE might note that some section was an isolated section with below 70 433 
CS and all surrounding sections were well above standard. Thus, Project 1 was 434 
identified as a project to be addressed with in-house RM. 435 
 Based on this analysis, the criteria considered for candidate project selection 436 
included: (1) the current CS; (2) CS deterioration from the previous year called CS 437 
Drop or CSD; and (3) the condition of the adjacent sections. A project selection 438 
algorithm utilized these decision criteria and sorted the candidate project into four 439 
different project categories below:  440 
 441 
 Potential immediate projects: Projects that require immediate maintenance 442 
actions, when most PMIS sections’ conditions are substandard below CS 443 
70 and rapidly deteriorating. 444 
 Vigilance projects: Projects that are in an acceptable condition at a present 445 
level but need to be monitored in the next two to three years, when most 446 
PMIS sections have acceptable CS scores above CS 70 at the present, but 447 
their conditions are rapidly deteriorating. 448 
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 Isolated projects: Projects that are isolated from surrounding sections and 449 
thus require in-house Routine Maintenance, when adjacent PMIS sections 450 
have good or better CS scores and it is the only section having poor CS. It 451 
is not cost effective to treat one section as a project. 452 
 Nothing (No treatment needed projects): Projects that are enough good in 453 
conditions and thus do not require any treatment action 454 
 455 
The candidate project selection algorithm consisted of two separate functions:  456 
the first function checks the project eligibility of each PMIS section within the 457 
roadway route; the second function determines a project length by combining 458 
selected PMIS sections. Figure 5 illustrates the conceptual development of the two 459 
functions. In Figure 5(a) each pavement section of a given roadway (i.e. FM 141, SH 460 
95, etc.) was evaluated to determine if it could be categorized as one of three options: 461 
(1) Yes (a section for the potential immediate project); (2) No (nothing); or (3) V (a 462 
section for the vigilance project in the Year 2 or 3 plan). In the second function, the 463 
length of the project was determined. A series of PMIS sections with the resulted 464 
response of “Yes” or “V” were grouped together to represent a project (Figure 5(b)). 465 
The grouped project was categorized as a potential immediate project or a vigilance 466 
project. An isolated project was classified as a RM project. The remaining sections 467 
will discuss the details of the developed project selection algorithm. 468 
 469 
< Insert Figure 5 here > 470 
 471 
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Project Candidate Selection Algorithm: (1) Project Eligibility Checking 472 
 The key for the project eligibility checking function involves how to classify 473 
each PMIS section into three different categories (immediate action required, 474 
vigilance, and do nothing) based on the pavement condition data. Data mining is “the 475 
process of automatically discovering useful information in large data repositories 476 
(Tan et al. 2006).” Data mining techniques such as classification, association, 477 
sequencing and clustering identify repeated and useful patterns in large databases to 478 
predict the outcome of future events using the developed pattern. The project 479 
eligibility of each PMIS section was checked using this data mining technique. 480 
Among various classification algorithms, decision tree classifiers were utilized since 481 
they are white-box analysis methods, providing an explicit concept description for a 482 
dataset, ultimately supporting qualitative judgment for prediction depicting “how a 483 
decision should be performed” or “how a decision was made”.  484 
For this study, the Waikato Environment for Knowledge Analysis (Weka) 3.6 485 
data mining software developed by the Machinery Learning Group at the University 486 
of Waikato in New Zealand was utilized for implementation. Weka provides users 487 
with different types of classification algorithms and the users can determine the most 488 
suitable algorithm for the given data set by analyzing a prediction accuracy of each 489 
classification algorithm (Hall et al. 2009). Among different decision tree classifiers in 490 
Weka, this study selected five classifiers for the analysis: J48 (class for generating a 491 
pruned or un-pruned C4.5 decision tree); J48 graft (class for generating a grafted 492 
pruned or un-pruned C4.5 decision tree); LADTree (class for generating a multi-class 493 
alternating decision tree using the LogitBoost); RandomTree (class for constructing a 494 
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tree that considers K randomly chosen attributes at each node and performs no 495 
pruning); and REPTree (fast decision tree learner, builds a decision/regression tree 496 
using information gain/variance and prunes it using reduced-error pruning with back-497 
fitting). The detailed description of each algorithm can be found from the article by 498 
Hall et al. (2009).  499 
The decision tree for project eligibility check was developed using the 500 
previously discussed 433 PMIS sections in Williamson County. Each PMIS section 501 
included CS, CS Drop, and an original section category determined by decision 502 
making rules (immediate, vigilance, and nothing). The authors categorized CS and 503 
CS Drop values into two different sets with the supports from the Austin District 504 
pavement experts because small changes in the decision category can result in 505 
different branching to one node or the other and yielding quite different classification 506 
outcomes. In the first set (Set 1) the CS was categorized into three classes: good (80 < 507 
CS ≤ 100); fair (60 < CS ≤ 80); and bad (CS ≤ 60) and the CS Drop was categorized 508 
into: slow (-10 ≤ CS Drop); medium (-20 ≤ CS Drop < -10); and fast (CS Drop < -20). 509 
The negative drop value means deterioration and the positive one represents 510 
improvement. In the second set (Set 2) the CS was categorized: good (80 < CS ≤ 100); 511 
fair (70 < CS ≤ 80); and bad (CS ≤ 70) and the CS Drop was categorized into: slow (-512 
5 ≤ CS Drop); medium (-15 ≤ CS Drop < -5); and fast (CS Drop < -15). These CS, 513 
CS Drop and original section categories were inputted into each decision tree 514 
classifier and the prediction accuracies of different category sets were assessed using 515 
the Weka software.  516 
ASCE Journal of Management in Engineering 
 24
Table 2 shows the assessment results. The second CS and CS Drop categories 517 
resulted in higher prediction accuracy. Among the five trees, J48 and RandomTree 518 
generated highest accuracy of 92.55% but J48 classifier was selected for this study 519 
since it provided clearer visualization of the decision branches compared to 520 
RandomTree algorithm. Figure 6 illustrates the final decision tree produced by the 521 
classifier and shows the steps made to arrive at the final section categories. The 522 
decision tree classified sections as “Yes” for a section of the potential immediate 523 
project; “No” for a section of the non-project; or “V” for a section of the vigilance 524 
project in the Year 2 or 3 plan”.  525 
 526 
< Insert Table 2 here > 527 
 528 
< Insert Figure 6 here > 529 
 530 
Project Candidate Selection Algorithm: (2) Project Length Determination 531 
 Once each PMIS section was evaluated to determine if the section is eligible 532 
as a project section, sections classified as “Yes” or “V” were sorted by Roadway ID 533 
and TRM information and then grouped together to determine the project length. The 534 
candidate sections with sequential Roadway ID and TRM information were combined 535 
as a candidate project. If only one section was identified as “Yes” or “V” but the 536 
adjacent sections were in a good condition, this roadway section was considered as an 537 
isolated project that required in-house RM treatment. Additionally, if the distance 538 
between two different projects was less than one mile, these two projects were 539 
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combined as one project. Again, the previous Figure 5 visualizes this project length 540 
determination process. 541 
 542 
Preliminary Project Ranking Matrix 543 
 Once the project selection algorithm identifies the list of maintenance projects, 544 
the project ranking matrix ranks the projects by giving higher priority for the project 545 
having more serious pavement problems. The length of the project was also 546 
considered as a major factor for the impact on the overall performance improvement 547 
of the highway network when it is maintained. Table 3 shows a designed preliminary 548 
project ranking matrix for potential immediate maintenance projects with specific 549 
examples. Two separated matrices were also available for vigilance and isolated 550 
projects. The project selection algorithm evaluated raw PMIS data, selected project 551 
candidates and automatically allocated them into the appropriate ranking matrix, one 552 
for immediate, vigilance, or isolated projects. As shown in Table 3, “Area 1” in the 553 
developed matrix retrieved fundamental PMIS data of the selected project sections 554 
including Roadway ID (i.e. FM0812 K), the beginning reference marker position of 555 
the project (i.e. 548+0.5) and the ending position (i.e. 560+0.0).  556 
 557 
< Insert Table 3 here > 558 
 559 
In “Area 2”, CS and CS Drop were assigned a weighting factor of 0.6 and 0.4, 560 
and each factor was then subdivided into score ranges (i.e. 0≤ CS <30, 30 ≤ CS < 50, 561 
50 ≤ CS < 70, and 70 ≤ CS). The score ranges were also assigned with weighting 562 
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factors (i.e. 0.4, 0.3, 0.2, and 0.1 for CS) based on their contribution to project 563 
prioritization. These weighting factors are adjusted by the user depending on local 564 
conditions and experience. The DPE elected to give a larger weight to a project 565 
having lower CS and faster CS Drop. The matrix retrieved CS and CS Drop values of 566 
the selected project sections and determined how many PMIS sections within the 567 
project fitted into each of the CS and CS Drop category. These values were then 568 
weighted by the assigned weighting factors and the weighted values summed to 569 
determine the total weighted CS and the total weighted CS Drop in “Area 3” (Eq. 1). 570 
The example in the table shows the total weighted CS was 0.29 and the total weighted 571 
CS Drop scored 0.12. 572 
 573 
Total Weighted CS ൌ  ෍ Number of PMIS Sectionsሺ୧ሻ ൈ Weighting Factorሺ୧ሻ
ସ
୧ୀଵ
 
Total Weighted CS Drop ൌ  ෍ Number of PMIS Sectionsሺ୨ሻ ൈ Weighting Factorሺ୨ሻ
ସ
୨ୀଵ
 
(Eq.1) 574 
 575 
where, i represents each CS category and j means each CS Drop category. 576 
These values were weighted again (i.e. 0.6 for CS and 0.4 for CS Drop) and 577 
combined to calculate the total weighted score for project’s pavement conditions (i.e. 578 
0.23) (Eq. 2) and the total score was then ranked (i.e. 3). It represented a condition-579 
based rank of the project.  580 
 581 
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Total Condition ൌ  Total CS ൈ CS Weights ൅ Total CS Drop ൈ CS Drop Weights 
(Eq. 2) 582 
 583 
As shown in the table, there was a concern that the second and the third 584 
sample projects produced the same total score of 0.30 regardless of the project length. 585 
Project #2 was a 0.5-mile project but Project #3 included 3.5-mile sections. Thus, in 586 
addition to the pavement condition parameters, the length of the project was also 587 
assessed to consider the impact of the project on the overall performance 588 
improvement of the highway systems (“Area 4” in Table 3) and the final project score 589 
was calculated by integrating the condition-based project score with the ranked 590 
project length (Eq. 3). All of the projects in the matrix were ranked by the final 591 
project score (“Area 5”). 592 
 593 
Total Project Score
ൌ Condition Based Score ൈ Weights ൅ Project Length ൈ Weights 
(Eq. 3) 594 
 595 
Lastly, the matrix provided a final project rank along with a summation of 596 
each raw visual distress type and rates (“Area 6”) so that the DPE can identify what 597 
types and how much of each visual distress type exists within the project. This 598 
information was automatically retrieved from PMIS database. The information was 599 
added to help the DPE make a rough ‘first cut’ decision when designating a project as 600 
PM or Rehab. For example, functional issues such as friction condition are surface 601 
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condition issues that may require a PM treatment. However, ruts, failures, alligator 602 
cracking, and certain types of longitudinal cracking and transverse cracking are 603 
considered to be structural distresses that may require heavier treatments.  604 
 605 
CASE STUDY AND RESULTS 606 
Case Study Setup 607 
A case study was conducted to verify the functionality of the project screening 608 
and ranking process and to validate the results obtained by the Austin DPE. The study 609 
was performed using FY 2010-11 PMIS data of all flexible pavement types, which 610 
included a total of 712 pavement sections within Bastrop County in the Austin 611 
District. All required information for the analysis were retrieved from this data set 612 
including Roadway ID, TRM information, individual visual distress, FY 2010 and FY 613 
2011 Condition Scores and CS Drop by comparing them. There was one major data 614 
pre-processing to filter noise data out. The raw PMIS data originally included a 615 
number of missing values (i.e. zero CS). The section with a zero score was expected 616 
to produce highest priority. To obtain better output, these zero-scored sections were 617 
filtered out as outliers before running the project selection process. The DPE 618 
determined these sections were not critical because it represented that the sections 619 
were under construction during the PMIS data collection phase or closed due to other 620 
testing so raters were not able to collect data from them.  621 
 622 
Case Study Results and Discussion 623 
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 Using the FY 2010-11 PMIS data from the 712 pavement sections, the project 624 
selection algorithm first identified 20 potential immediate maintenance projects, 2 625 
vigilance projects for the 4-year management plan, and 6 Routine Maintenance 626 
projects. The project ranking algorithm then prioritized the selected projects. Table 4 627 
summarizes the network-level project selection and ranking results for the 20 628 
immediate attention projects. The projects were rank-ordered with the highest priority 629 
on the top. The same weighting factors (0.5) were given to the pavement condition 630 
score and the project length for ranking. As shown in the table, Project #7 ranked 631 
highest with the third worst pavement conditions but with the longest project length. 632 
Project #4 and #16 ranked lowest with the best pavement conditions and the shortest 633 
project length. Project #18 generated worst pavement conditions with poor CS and 634 
fast CS Drops but the length was short only with 2 PMIS sections thus resulted in the 635 
final rank of the 4th. In general, the lower priority projects were relatively in a good 636 
condition, deteriorating gradually, and a short project. 637 
 638 
< Insert Table 4 here > 639 
 640 
  The DPEs agreed with the selection results and indicated that all 20 candidate 641 
projects were potential candidate projects that would require further project-level 642 
evaluation with actual site visits. The DPE indicated that the results reflected both the 643 
quantifiable, pavement condition score assessments and the engineering judgment 644 
that is applied when these decisions were previously made using manual methods.  645 
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 To validate the ranking process, the ranked results were compared with the 646 
results assessed by the empirical ranking equation currently used by the DPE (Eq. 4). 647 
 648 
Ranking Index
ൌ ൬Num. of Poor Sections2 ൅
Num. of Marginal Sections 
4 ൰
ൈ Total Condition ൅ RS Index 
(Eq. 4) 649 
 650 
 where, the poor condition ranged from CS zero to 50 and the marginal 651 
condition ranged from CS 51 to 100. Total Condition was calculated by the same way 652 
that the developed ranking process did for TC calculation (“Area 3” in Table 3). RS 653 
Index is the difference between Total Condition and Total Distress values of the 654 
project section. Table 5 illustrates the average deviation between two different 655 
ranking methods: the developed ranking process and the current empirical ranking 656 
method. As shown in the table, the Austin District places a higher priority on longer 657 
projects, based on discussions with the DPE and as reflected in the 20 selected 658 
projects. TxDOT administration preferred allocating project funding on to the 659 
projects with the high impact on network improvement and increased pavement life. 660 
In a constrained pavement maintenance budget scenario, a long-length project can be 661 
divided into several smaller, lower cost projects even though one longer-length 662 
project might save construction costs mobilization and other upfront costs.  663 
 664 
< Insert Table 5 here > 665 
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 666 
A 0.3 weighting factor for the pavement condition parameter and 0.7 667 
weighting factor for the project length were identified to be most suitable for the 668 
Austin District and resulted in the same projects ranked within the top 10 although 669 
rank order might differ. When 0.4 and 0.6 weights were assigned to the condition and 670 
the length factors a 90% match was achieved. Again, potentially a user in another 671 
District could change these weighting factors to meet their specific needs. 672 
 Once ranking matrix generates the preliminary candidate project list, the DPE 673 
discusses the results with each Area Engineers (AEs). At this point, the AEs may add 674 
additional projects to the list that were not selected solely based on the PMIS data 675 
used by the selection algorithm. The AEs are familiar with local factors for roadway 676 
routes within their area of responsibility, and thus their input will help enhance the 677 
quality of the preliminary candidate project list. In addition, projects might be 678 
selected due to other factors than distresses or ride quality. 679 
Once the candidate list is updated, the DPE provides the PMIS data for the 680 
new, additional candidate projects so that they can be included to the expanded 681 
candidate list for re-ranking process. Once the final project list is developed, the 682 
projects are further evaluated by the DPEs using the PMIS individual distress ratings 683 
which were uploaded with the condition data and included in the ranked list. The 684 
specific distress types and amounts are used to help determine which projects are 685 
potential candidates for PM or Rehab treatments. 686 
 687 
CONCLUSION AND FUTURE WORK 688 
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 This paper presented a network-level project screening and ranking method 689 
that supports the 4-year pavement management plan. The study first designed a 690 
project candidate selection algorithm with support from Austin District pavement 691 
experts by analyzing pavement conditions of PMIS sections; identified lists of 692 
potential immediate, vigilance, in-house RM, and do-nothing projects; and finally 693 
ranked them using the developed project ranking matrix that considered a pavement 694 
condition factor and a project length that highly impacts on the overall performance 695 
improvement of the highway network. The case study conducted with 712 PMIS 696 
sections showed that the ranking method has potential to support the Austin DPE in 697 
quickly evaluating large amounts of PMIS data and identifying candidate projects for 698 
further discussions with the Area Engineers and eventual site visits. The study also 699 
provided insights about how quantitative data analysis methods and qualitative 700 
decision making processes were able to be used together to improve candidate project 701 
selection. The developed screening and ranking method will be able to be used by all 702 
management levels within the organization thereby it can assist decision makers in 703 
evaluating and prioritizing projects and potentially allocating funds. 704 
 Despite these advancements, there are still improvement opportunities, and 705 
future project selection and ranking process development challenges to be addressed. 706 
First, this study analyzed Texas-based pavement data for the method development. 707 
More specifically, the researchers developed and helped implement an algorithm that 708 
supported improved candidate project selection at the network-level for the Austin 709 
District. To make the proposed method applicable statewide and nationally, the next 710 
challenge would be to evaluate its potential use in other Districts and to develop a 711 
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ranking process by incorporating additional expert opinions and local District project 712 
selection criteria. A further enhancement might be to combine project selection and 713 
ranking methods using more rule sets to determine if candidate project selection is 714 
further improved. The pavement management data managed by different state DOTs 715 
might need to be evaluated and compared with the Texas practices as well. Second, 716 
further studies are underway regarding the project-level the PM and Rehab treatment 717 
decision process. The researchers at UT-CTR are working with the Austin DPE to 718 
develop a comprehensive project-level ranking methodology using field survey data, 719 
treatment history, structural conditions test results, environmental and subgrade soil 720 
factors, and traffic data among other inputs. As a future goal, the ranking algorithm 721 
will be improved by incorporating a cost/benefit analysis process. Safety-related 722 
projects are considered a top priority and are funded first; the remaining projects will 723 
be prioritized considering a benefit/cost analysis approach. The cost and benefit 724 
analysis will consider expected short- and/or long-term condition improvement, 725 
project performance, service life improvement versus project costs which will further  726 
improve project ranking. 727 
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Table 1 Annual pavement preservation project evaluation process 829 
No Task Timeline (Month) 
9 10 11 12 1 2 3 4 5 6 7 8 
1 PMIS data collection             
2 Network-level project screening 
process 
            
3 Site visits and project-level project 
ranking process 
            
4 Economic analysis and submission of 
the plan to the DPE 
            
5 Final approval by the DPE and 
submission of the plan to TxDOT 
Administration 
            
6 Review of the District plans and 
development of the TxDOT report to 
the Governor and Legislative Budget 
Board 
            
7 Final report submission             
 830 
  831 
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Table 2 Comparative classification accuracies of different decision tree classifiers 832 
Accuracy J48 J48 graft LADTree RandomTree REPTree 
Set 1 89.39% 89.39% 90.29% 90.29% 89.62% 
Set 2 92.55% 92.33% 92.33% 92.55% 91.20% 
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Table 3 Network-level project ranking matrix 
 
  
0.3 VS 0.7
0.4 0.3 0.2 0.1 0.1 0.2 0.3 0.4
Score Range 0أCS<30 30أCS<50 50أCS<70 70أCS ‐10أCSD ‐20أCSD<‐10 ‐30أCSD<‐20 CSD<‐30
1 FM0812 K 548 0.5 560 0
Num of 
Sections
3 10 4 0 13 4 0 0 0.29 0.12 0.23 3 17 1 1.6 1 10 3 194 1 0 487 1674 0
2 SL0150 K 560 0.5 560 1
Num of 
Sections
0 2 0 0 0 0 2 0 0.30 0.30 0.30 1 2 3 2.4 3 0 0 0 0 0 34 15 1
3 FM0696 K 566 1.5 570 1
Num of 
Sections
0 8 0 0 0 0 8 0 0.30 0.30 0.30 1 8 2 1.7 2 2 0 69 1 0 2 0 0
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Table 4 Preliminary network-level project selection and ranking results 
 
0.5 VS 0.5
0.4 0.3 0.2 0.1 0.1 0.2 0.3 0.4
Score Range 0أCS<30 30أCS<50 50أCS<70 70أCS ‐10أCSD ‐20أCSD<‐10 ‐30أCSD<‐20 CSD<‐30
7 FM0812 K 548 0.5 560 0
Num of 
Sections
3 10 4 0 13 4 0 0 0.29 0.12 0.23 3 17 1 2 1 10 3 194 1 0 487 1674 0
1 FM0020 K 568 0.5 578 0.5
Num of 
Sections
3 6 5 1 11 4 0 0 0.27 0.13 0.21 8 15 2 5 2 36 5 309 2 0 25 69 0
19 US0290 K 614 0.5 616 1
Num of 
Sections
0 3 1 0 2 2 0 0 0.28 0.15 0.23 4 4 7 5.5 3 7 1 350 2 0 59 0 0
8 FM1100 K 560 0 562 0
Num of 
Sections
1 2 1 0 4 0 0 0 0.30 0.10 0.22 5 4 7 6 4 5 2 48 2 0 41 125 1
18 SL0150 K 560 0.5 560 1
Num of 
Sections
0 2 0 0 0 0 2 0 0.30 0.30 0.30 1 2 13 7 5 0 0 0 0 0 34 15 1
14 SH0021 L 564 1 570 0.5
Num of 
Sections
0 0 4 5 1 3 2 3 0.14 0.28 0.20 10 9 4 7 5 12 0 6 0 0 11 1422 4
6 FM0696 K 566 1.5 566 1.9
Num of 
Sections
0 0 1 1 0 0 1 1 0.15 0.35 0.23 2 2 13 7.5 7 2 0 69 1 0 2 0 0
17 SL0109 K 434 0.5 434 1.5
Num of 
Sections
1 1 1 0 3 0 0 0 0.30 0.10 0.22 5 3 10 7.5 7 1 0 32 0 0 26 50 1
15 SH0021 R 568 0 570 0
Num of 
Sections
0 0 2 3 0 1 3 1 0.14 0.30 0.20 9 5 6 7.5 7 0 0 6 0 0 0 769 3
13 SH0021 K 580 0.5 586 0.5
Num of 
Sections
0 2 5 1 5 2 1 0 0.21 0.15 0.19 11 8 5 8 10 16 3 324 2 0 26 613 0
3 FM0535 K 552 0 564 0
Num of 
Sections
0 3 4 3 7 1 2 0 0.20 0.15 0.18 13 10 3 8 10 29 3 129 0 0 30 275 0
12 FM3000 K 560 0 560 0.5
Num of 
Sections
0 0 2 0 0 1 1 0 0.20 0.25 0.22 5 2 13 9 12 5 0 45 1 0 11 0 0
11 FM2336 K 438 0.5 444 0.5
Num of 
Sections
1 0 0 3 2 0 2 0 0.18 0.20 0.19 12 4 7 9.5 13 15 5 0 2 0 15 10 0
20 US0290 K 626 0 626 0.5
Num of 
Sections
0 0 2 0 1 1 0 0 0.20 0.15 0.18 13 2 13 13 14 1 0 192 0 0 0 0 0
5 FM0672 K 556 0 556 0.5
Num of 
Sections
0 0 2 0 1 1 0 0 0.20 0.15 0.18 13 2 13 13 14 7 7 10 2 0 7 0 0
10 FM2104 K 452 0.5 454 0
Num of 
Sections
0 0 0 3 0 1 2 0 0.10 0.27 0.17 17 3 10 13.5 16 11 1 48 0 0 0 12 0
9 FM2104 K 446 0.5 448 0.5
Num of 
Sections
0 0 2 1 1 2 0 0 0.17 0.17 0.17 18 3 10 14 17 8 2 144 0 0 2 0 0
2 FM0535 K 546 0 546 0.5
Num of 
Sections
0 0 1 1 0 2 0 0 0.15 0.20 0.17 16 2 13 14.5 18 1 0 42 0 0 0 0 0
4 FM0535 K 574 0 574 1
Num of 
Sections
0 0 2 0 2 0 0 0 0.20 0.10 0.16 19 2 13 16 19 4 0 74 0 0 15 0 0
16 SH0071 R 590 1 592 0
Num of 
Sections
0 0 0 2 0 1 1 0 0.10 0.25 0.16 19 2 13 16 19 0 0 5 0 0 15 15 0
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factor
0.6 0.4
Total 
Weighted 
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Total 
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CS Drop
Total 
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(TC)
Project 
Number
Roadway 
ID
Beginning 
Reference 
Marker
Displace‐
ment
Ending 
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Marker
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ment
Project's PMIS Data Condition Score (CS) Condition Score Drop (CSD) Weighting Factor Final Result Distress Summation
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Table 5 Average deviation of ranking results between the proposed process and the 
current empirical process in the Austin District 
Weight in 
Condition 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 
Weight in 
Length 
1 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0 
Average 
Deviation 
2.05 0.95 0.95 1.2 1.85 3 3.55 4.15 4.45 4.55 4.9
 
 
